Chlordane is only one of the persistent pesticides used in some countries despite the ban. Removal of chlordane, a severe threat to all living things, was performed using nicotinamide-modified poly (2-hydroxyethyl methacrylate-glycidyl methacrylate), poly(HEMA-GMA)-Nic, polymeric cryogels in this study. Poly(HEMA-GMA) polymeric cryogels were synthesized based on previously reported literature procedures and were subsequently modified by nicotinamide moieties. Removal of chlordane in alcoholic medium has been accomplished exploiting the alcoho-phobic interaction, which was the first indication in our previous study. Structural analysis of poly(HEMA-GMA)-Nic was performed using Fourier transform infrared spectroscopy (FT-IR) and elemental analysis methods. Scanning electron microscopy (SEM) was used to understand the surface morphology of cryogels. Surface area and cavity volume calculations were determined by applying N2 adsorption method and swelling test. The interaction time and maximum adsorption capacity were identified as 5 minutes and 64.61 mg chlordane/g cryogel for 300 mg/L chlordane concentration and 108.818 mg chlordane/g cryogel for 800 mg/L chlordane concentration during the adsorption experiments. Cyclohexane, toluene, chloroform, dichloromethane, acetone, and acetonitrile were used as solvents to observe the solvent effect on adsorption of chlordane onto the polymeric material. As expected, the removal of chlordane was performed with the highest adsorption performance in cyclohexane with the lowest dielectric constant.
INTRODUCTION
The technical chlordane, which is a mixture of approximately 150 different chemicals, mainly contains three chlordane compounds, cischlordane (CC), trans-chlordane (TC), and transnonachlor (1, 2) . Chlordane was at the forefront of 12 prohibited pesticides in the UNER Stockholm Convention, which was signed on persistent organic pollutants in 2001 (3) . As a broadspectrum pesticide used against insects and pests in many vegetable and fruit cultures, chlordane, which has been used for many years in the United States of America (after the 1940s) and Japan (1980s), is almost insoluble in water, like other pesticides (4) (5) (6) (7) . Chlordane, which is considered to be one of the most harmful members of pesticides, is profoundly harmful to health, and a severe endocrine disruptor (8) (9) (10) (11) . Results of exposure to low doses of chlordane may be the symptoms such as a headache, vomiting, loss of consciousness while exposure to high doses can result in death (12, 13) . Also, it has been revealed that chlordane is linked to diabetes in the recent researches (14) .
Monitoring, removal and degradation studies have been performed up to date to deal with the persistent organic pollutants resistant to degradation (7, (15) (16) (17) (18) (19) (20) (21) (22) (23) . These methods have disadvantages such as the need for experienced users, harmful chemicals, long-term experimental procedure. Therefore, it is necessary to find new ways to be able to remove unwanted compounds in a short process efficiently.
Polymeric cryogels have been used extensively in many studies over the last 20 years and continue to be used due to the advantages such as easy synthesis, adequate performance, and low cost (24) (25) (26) (27) .
In particular, the microand macroporous structure of cryogels overcome the disadvantages in conventional techniques. The primary downside of cryogels over micro-and nano-adsorbents is that they seem to have a low surface area, but they also eliminate many problems coming from these adsorbents such as agglomeration, low yield, and the need for highperformance devices such as centrifuges (28) (29) (30) (31) (32) . Polymeric cryogels have interconnected flowchannels providing the diffusion of the target molecule to the cavities of the cryogels, therefore, this provides a healthy interaction between the ligands on the surface of cryogels and the target molecules residing on the cavities for a while (33) .
We have applied the modification of a polymeric structure used in affinity techniques. Nicotinamide was added as a ligand to the poly (HEMA-GMA) polymeric structure, which was previously used in some studies (34) . As an adsorbent, poly (HEMA-GMA) polymeric cryogels have been modified using nicotinamide. The modification of poly(HEMA-GMA) with nicotinamide is quite rare in the literature. Ethanol was used instead of water as a solvent. The main reason for using ethanol is that chlordane does not dissolve in water as mentioned before. Also, various organic solvents were also used to measure the chlordane adsorption performance of the synthesized polymeric material in different solutions. 
MATERIALS AND METHODS

Materials
Synthesis and Characterization
The mixture of GMA (500 μL), HEMA (5000 μL) and distilled water (6500 μL) was prepared as the monomer phase. The dispersing phase was prepared using 1 g of sodium lauryl sulfate (SLS), 25.60 mL of distilled water, and 2.4 mL of EGDMA. The two phases were then mixed. They were kept in ice cubes for 10-15 minutes. 20 mg of APS and 100 μL of TEMED were added to start the polymerization. The polymerization mixture was poured in between two glass plates to have a polymeric plate. The polymeric mixture in between the glass plates was kept at -20˚C for 24 hours. At the end of this period, the glass plates were removed, and the polymeric plate was cut in the shape of a disk. The polymeric cryogel discs were washed with distilled water many times to remove unwanted chemicals. All cryogel disks were kept at +4˚C until use.
Some cryogel membranes (20 cryogel discs) were mixed with 1 M NaOH (10 mL) for 2 hours. Membranes washed several times with distilled water were incubated with 50 mg/mL nicotinamide solution (10 mL) for 24 hours. The aim of this process is to provide oxygen bonding of the epoxy groups of the GMA monomer of the amine groups in the nicotinamide molecules. Proof of Nic decoration can be observed by the color change from white to yellow.
For structural characterization of poly(HEMA-GMA)-Nic cryogels, Fourier transform infrared spectroscopy (FT-IR, Nicolet™ is ™10 FTIR spectrometer, USA) and elemental analysis (CHNS-932, Leco, USA) methods were used. Surface morphology of the polymeric structure was observed in the course of the physical characterization. For this purpose, a scanning electron microscope (SEM, Carl Zeiss AG -EVO® 50 Series, Germany) was used. Also, surface area estimation of the cryogels was crucial for the successful interaction process. Surface area calculations were performed using the BET equations using the AUTOSORPI 6B (Quantachrome Instruments, USA) N2-adsorption method. At last, swelling test, the water holding capacity of the polymeric material, was calculated using Equation 1 given below. The water holding capacity is informative about analyte diffusion.
(Eq. 1)
Wswollen : weight in grams of water-retained Wdry : weight in grams of dry cryogels.
The polymeric material that will serve as solid support has been given functional properties by adding nicotinamide to the synthesized poly(HEMA-GMA) polymeric structure. The target molecule contains six chlorine atoms and therefore acts as a Lewis base. The need for the adsorbent to be a suitable Lewis acid will be met by the nitrogen molecule around the nicotinamide and the unpaired electrons on the nitrogen atom.
Thus, a substantial electrostatic interaction will take place, and the removal will be successful, as the Lewis acid-base interaction and consequently the dipole-dipole electrostatic interaction between the positively charged amine groups and the polymer-dependent amino acids and chlorine atoms in the chlordane structure. If no nicotinamide were added, the electron cloud on the GMA would push the electron cloud around the chlordane, and there would be no interaction. The quantitative adsorption performance of poly(HEMA-GMA)-Nic polymeric cryogels was measured using a UV-Visible spectrophotometer (OPTIZEN POP UV/Vis, Mecasys Co., Ltd., Korea).
Adsorption Studies
To determine the amount of adsorbed chlordane on the polymeric material spectroscopically, the wavelength at which chlordane has the highest absorbance was scanned. The highest absorbance of chlordane was observed at 216 cm -1 ( Figure 1 ). This result is consistent with the literature (35) . Adsorption experiments were carried out using 2 mL of chlordane (taken from 500 ppm stock solution)/8 mL of ethanol (98% v/v) in closed test tubes since the solvent is a volatile chemical. Chlordane (2 mL) was added to ethanol and homogenized for 15 minutes to ensure physical equilibrium. The disk-shaped cryogels, which were introduced to the adsorption solution, were then interacted with the chlordane during the optimum period determined by preliminary experiments. The amount of chlordane adsorbed on the polymeric cryogels was calculated using Equation 2. Chloride solutions with concentrations ranging from 200-1000 mg/L were used to determine the chlordane saturation concentration capacities of the synthesized polymeric cryogels. All solutions were prepared using stock solutions of 500 and 1000 mg of chlordane/L ethanol.
q : adsorption capacity in mg/g, Ci : amount of chlordane before adsorption in mg/L Cf : amount of chlordane after adsorption in mg/L V : volume of the adsorption medium in mL m : absorbance in g.
RESULTS and DISCUSSION
Characterization
The synthetic procedure of the poly (HEMA-GMA)-Nic polymeric cryogels used as adsorbents in this study is shown in Figure 2 . As can be seen from the figure, the oxirane ring on the glycidyl methacrylate is opened when the nicotinamide is attached. A bond was formed in between oxirane ring and amide end of nicotinamide. According to the FT-IR results, the peaks in the region of 1200-1700 cm -1 originating from the nitrogen atom on the nicotinamide are the most prominent indicators that nicotinamide is involved in the structure ( Figure 3A) . The characteristic poly (HEMA-GMA) peaks given by green circles are the peaks at 343. mole of nicotinamide has been successfully incorporated into the poly(HEMA-GMA) polymeric structure. As can be seen from Figure 3B , the synthesized cryogels have cavities that allow the analyte to diffuse readily. The presence of holes in the porous structure, having a water retention capacity of about ~800%, although having a surface area of ~8.5 m 2 /g less than microparticles or nanoparticles (28) (29) (30) (31) (32) 39) , provides the necessary retention time for the analyte to interact with ligand within polymeric structure. Ability to swallow high amount of analytes and the cavities connected with interconnected flow channels are the critical properties of cryogels providing them to be indispensable absorbents.
To increase the strength of electrostatic attraction, the addition of iron cation with oxidation number 2 caused changes in the morphological structure of polymeric cryogels, such as the disappearance of the cavities and the appearance of needle-like structures (Figure 4) . It is thought that the degradation of the surface morphology affects the adsorption kinetics in the negative direction. 
Adsorption Studies
Since the chlordane is not soluble in water, all experiments were carried out in ethanol (98% v/v) (40) . The eight chlorine atoms around the chlordane form a dense electron cloud around the molecule. Therefore, the adsorbent expected to interact with chlordane should have binding sites with positive charges. However, the structure of poly(HEMA-GMA) shows that the electron density is high in the periphery of GMA. To overcome this obstacle, decoration of nicotinamide to the polymeric structure will provide a positive charge, and thus it will act as a Lewis base. Nicotinamide is attached to the polymeric material from the -NH2 end (Figure 2 ). Due to the resonance stability of the pyridine ring, the N atom within the ring is partially positively charged. Also, the unpaired electron on the nitrogen atom of the pyridine ring will also contribute to the electrostatic interaction by allowing the molecule to behave like a Lewis base. Fe 2+ ions were added to the structure to increase the electrostatic attraction force of the structure. However, low adsorption was observed on the contrary to expectation (41) . In their work, Köse and Köse, added Ni 2+ , Cu 2+ and Co 2+ ions to the structure to increase electrostatic force, but they have observed a decrease in the adsorption of the pesticides to the polymeric adsorbent (42) . As a result, poly(HEMA-GMA)-Nic without Fe 2+ was used in all experiments. The electron cloud around the chlordane molecule causes electrostatic attraction because of the existence of eight chlorine atoms to create the desired interaction with the Nic molecule linked to the ligand of the polymeric material. The pKa value of the nicotinamide molecule is 3.35 (43) . Thus the partially positively charged N atom and the stable pyridine ring because of resonance phenomenon meet this requirement in the adsorption environment with neutral pH value. However, the carbonyl structure found in the nicotinamide molecule repels the -OH moieties and thus the partially positively charged N-atom in the pyridine ring does the -CH2-CH3 moieties of the ethanol molecules. In the same way, chlordane will cause ethanol to move away due to its massive structure, dense electron cloud, and its 3-dimensional structure. The ethanol will be withdrawn from between interacting groups, the alcoho-phobic interaction, resulting in a substantial electrostatic interaction between chlordane and poly(HEMA-HEMA)@Nic polymeric cryogels (40) (Figure 5A ). The adsorption of chlordane on the surface of cryogels can be seen clearly in Figure 5B , the surface morphology of poly(HEMA-GMA)-Nic cryogels was changed. In the meantime, decorating the Nic molecules causes an increase in the route of the electrons traveling on around of the Nic molecule itself. Therefore, the time for the presence of the partially positive charge clouds on the Nic was increased. Thus, the interaction between Nic and the chlordane will be stronger. It is significantly important that because the ethanol does not have ionization ability, it meets the requirement as a solvent for an ideal electrostatic interaction. Chlordane adsorbed poly(HEMA-GMA)-Nic cryogels.
As can be seen from Figure 6 , the chlordane adsorption performance of poly(HEMA-GMA)-Nic cryogels was investigated at varying time intervals for different chlordane concentrations. Moreover, the effect of initial chlordane concentration on the adsorption performance of the polymeric material was determined. All experiments were repeated three times, and standard deviations were calculated. Adsorption experiments were carried out at concentrations of 100, 200 and 300 mg chlordane/ethanol to determine the effect of concentration on the optimum adsorption time. As expected, the increased concentration of chlordane increased the amount of adsorption but no significant change in the time of interaction was observed. The interaction was completed within the first 5 minutes (Figure 6a-b-c) . A plateau was observed in all plots after five minutes, which is attributed to the fact that all binding sites of the polymeric cryogels were saturated by the chlordane. Likewise, Figure 6d shows how the increased chlordane initial concentration affects the adsorption performance of polymeric cryogels. As can be seen, adsorption process increased up to 800 mg chlordane/L ethanol concentration, after which a plateau was observed in the graph. This value is critical regarding the adsorption amount of 108.818 mg of chlordane/L ethanol for a short period of 5 minutes for each same-sized cryogel disk. This value achieved by the removal of chlordane is quite comparable to similar studies in the literature (17, 44, 45) . At the same time,
as mentioned above, all of the binding sites of a cryogel disk were engaged with the target molecules, chlordane. It can be concluded that the poly(HEMA-GMA)-Nic cryogels can be a good candidate for every concentration of pesticides, i.e., very low and very high amount of pesticide. Like other pesticides, chlordane is highly soluble in organic solvents (46, 47) . The adsorption performances in the solutions containing chlordane molecules and solvents such as cyclohexane, toluene, chloroform, dichloromethane, acetone and acetonitrile solvents were compared with that in ethanol to observe how the chemical structures of the solvents affected the interaction between the polymeric cryogels and the chlordane in this study (Figure 7 ). Since the dielectric coefficients of organic solvents mentioned are different (48) , the solubility of chlordane and therefore the electrostatic interaction in between will be different. At the end of the adsorption experiments, a correlation was observed between the dielectric coefficients and the adsorption performance. The solvent with a relatively high dielectric constant will separate the opposing charges better which is the primary requirement for stronger electrostatic interaction. Therefore, electron cloud formation will occur smoothly and so thus proton clustering (49) . As seen in Figure  7 , the solubility of the chlordane in cyclohexane and hence its adsorption on the polymeric material is the highest. All works were performed in ethanol although the performances in other organic solvents were higher than that in ethanol.
The most important reasons for this are the toxicity (50) and cost of these organic solvents. Moreover, polymeric materials have been gone deformation during adsorption in acetone and acetonitrile. Therefore, it is more feasible to use the least harmful chemical in the adsorption process. Also, studies performed in ethanol have been carried out, and very positive results have been obtained in the literature (40) . Mathematical calculations performed to characterize the interaction between the polymeric material and chlordane indicate that the adsorption is chemically controlled and homogeneous. The chemical character of the interaction is determined by pseudo-first andsecond-order kinetic models and results are given in Table 1 . As can be seen, the correlation coefficient (R 2 ) obtained with the pseudo-secondorder kinetic model is very close to unity. Moreover, the theoretically calculated adsorption amount of chlordane is almost similar to that obtained experimentally. The polymeric cryogels acted virtually like a chemical adhesive throughout the adsorption.
The degree of homogeneity and non-specific interactions are determined by Langmuir and Freundlich adsorption isotherm calculations. According to the values given in Table 2 , the correlation constant obtained for the Langmuir adsorption model is closer to 1 than the value obtained in the Freundlich model calculations. Furthermore, the fact that the b value is close to 0 and the experimental and theoretical Q values are nearly the same indicates that the interaction in this study is more appropriate for the Langmuir adsorption model. The interaction was homogeneous in a single layer and resulted in no interaction between neighboring regions. Table 1 . Chemical kinetic parameters for the chlordane-poly(HEMA-GMA)-Nic interaction. 
CONCLUSION
In this study, the previously synthesized poly(HEMA-GMA) polymeric material was modified with Nic, and chlordane removal performance in ethanol was investigated. As a first step of the study, poly(HEMA-GMA) polymeric material was synthesized and modified with nicotinamide monomer.
Successful Nic-decoration on the poly(HEMA-GMA) cryogels was confirmed with the presence of bending and stretching of N containing bonds in the FT-IR plot. The porous and 3-dimensional structure of polymeric cryogel were approved SEM images. Changes in the surface morphology given by SEM images also is also a proof of chlordane adsorption. Chlordane molecules were adsorbed on the poly(HEMA-GMA)-Nic quite fast. The highest chlordane adsorption capacity was achieved at the chlordane concentration of 800 mg/L as 108.818 mg/g. According to the experimental results, Nic-decoration enhances the Lewis acid-base interaction between polarized chlordane shell and poly(HEMA-GMA) polymeric solid support. This polarization causes the inductive polarization of Nic decorated on the polymeric material. As mentioned in the text, Nic decoration increases the pathway of an electron on the Nic along the whole polymeric structure, so thus the time of being positively charged. As a conclusion, poly(HEMA-GMA)-Nic cryogels can be used efficiently for the removal of pesticides from alcohol matrix. Therefore, it is the main advantages of this method over the traditional removal methods with some difficulties. It is claimed by this study that formation of alcohophobic interaction enables adsorption of chlordane in ethanol. 
